This investigation was carried out in Patrocínio Paulista municipality, located in the state of São Paulo, Brazil. Sugarcane has been extensively cultivated in the area in order to be utilized by the sugar and ethanol industries. The major effluent from the ethanol industry, vinasse, has been applied in the sugarcane fields as an alternative to supply several nutrients in crop production. Because it may represent a major environmental problem in that area, with implications to human health, soil samples from six points were collected and analyzed in order to evaluate the main factors related to the vinasse application in the ground. The importance of clays, iron oxides, organic matter and minor refractory minerals was also considered for explaining several relationships identified from the acquired data.
Introduction
has the highest number of industries and economic production, reaching 31% of the Brazilian gross domestic product (GDP). Despite the vigorous industrial production that includes high technology goods, the state is also well developed in agriculture and cattle breeding [1] . This advanced stage of agricultural and industrial growth causes São Paulo State a great diversity of problems related to the interaction between the society and the environment.
Considering the central, southeastern and southern Brazilian regions, the number of units responsible for the production and processing of sugarcane are: 49-São Paulo State; 23-Paraná State; 8-Mato Grosso do Sul State; 5-Minas Gerais State; 5-Mato Grosso State; 4-Goiás State; 2-Espírito Santo State; 1-Rio de Janeiro State [2] . During 2007, the sugarcane production in these states reached 375 million tons, whose processing yielded 17.2 billion liters of alcohol and 23.7 million tons of sugar [3] . Thus, São Paulo State was responsible for almost 50% of this production.
The disposal of vinasse, the major effluent from the ethanol industry, represents a major environmental problem in São Paulo State. Vinasse is a final byproduct of the sugar industry. Sugar beet is processed to produce crystalline sugar, pulp and molasses. The latter are further processed by fermentation to alcohol. After the removal of the alcohol by distillation the remaining material is vinasse. Molasses is a thick syrup by-product from the processing of the sugarcane or sugar beet into sugar [4] . To make molasses, which is pure sugar cane juice, the sugar cane plant is harvested and stripped of its leaves. Its juice is extracted from the canes, usually by crushing or mashing. The juice is boiled to concentrate and promote the crystallization of the sugar. Cane molasses is a common ingredient in baking, often used in baked goods such as gingerbread cookies.
Vinasse is a black liquid consisting of a mixture of water and organic and inorganic compounds that remain after different steps involving the sugar cane production and processing. It is produced at a rate 10 to 15 times greater than the ethanol itself, i.e. in terms of volume, approximately 13 L of vinasse are produced for each L of alcohol obtained from cane must [5, 6] . Considering the high amount of alcohol produced by São Paulo State during 2007, the generation of about 100 billion liters of vinasse may be estimated, which represents an enormous volume to be released into the environment.
Vinasse compounds may also be a FOG (fats, oil and grease) source and are considered hazardous substances because they have a very high Biological Oxygen Demand (BOD) (30-40,000 mg/L) and pH between 4 and 5 [5] . Thus, vinasse is a highly corrosive residue and research has demonstrated that its disposal in river basins alone is not a convenient disposal solution. Due to its high BOD, this material can cause damage to aquatic life, especially when dumped in large volumes [7, 8] .
Another important aspect is among the factors affecting sugarcane productivity is fertilization. However, mineral fertilizers have significantly increased in price. As a result, it has become necessary to seek alternatives that would supply the soil with more economic nutrients. Because vinasse has high levels of potassium, calcium and organic matter in its chemical composition as well as moderate amounts of magnesium, nitrogen and phosphorus [5, 6] it has represented an alternative to supply such nutrients in crop production, as has been reported by various research works documenting an increase in sugarcane productivity, mainly in Brazil [9, 10] . However, the problem occurs when some soils do not respond positively to the application of this acid material.
The potential health hazard from natural 40 K radionuclide is among the aspects that have been considered worldwide in dose calculations, with many countries also adopting guideline activity concentration values for food and drinking water. However, the measurements of this radionuclide in soils contaminated with vinasse in Brazil are scarce because, in general, they require specialized training and instrumentation.
This paper describes the results of some soil monitoring held in Patrocínio Paulista, São Paulo State, Brazil, where agricultural activities related to the sugarcane production has been conducted for several years. Because vinasse has also been extensively applied in the area for increasing the soil productivity, it is as well reported 40 K data in soils that have received this effluent. The importance of weathering processes that have produced clays, iron oxides and minor refractory minerals in soils has also been considered for explaining several relationships identified from the acquired data. A simplified geological map of São Paulo State, Brazil, and the location of the sampling point for soil analyses. Modified from [11] .
level, the surface area of the municipality is ~610 km 2 , the population is ~12,000 inhabitants, and the cerrado fields dominate the landscape of the region [12] . The major economic activities of the municipality involve the agro business, with dominance of coffee and sugarcane production [12] .
The area studied is geologically situated at the giant Paraná sedimentary basin that extends over an area of 1.7 million km 2 (1 million km 2 in Brazilian surface) [13] . Some of these stratigraphic units of the Paraná basin (Paleozoic -Cenozoic) crop-out in it [zz] ( Fig. 1) : the Tubarão Group comprising the Itararé Subgroup (sandstones, conglomerates, diamictites, tillites, siltstones, shales and rythmites) and Tatuí Formation (siltstones, shales, silex and sandstones with local concretions); the Passa Dois Group comprising the Irati Formation (siltstones, mudstones, black betuminous shales and limestones) and Corumbataí Formation (mudstones, shales and siltstones); the São Bento Group comprising the Pirambóia Formation (sandstones, shales and muddy sandstones), Botucatu Formation (sandstones and muddy sandstones), Serra Geral Formation (basalts and diabases) and related basic intrusives; different types of Cenozoic covers like the recent deposits, terrace sediments and others formations comprising sandstones, conglomerate sandstones, muddy sandstones, etc.
Material and methods
This study provided chemical data for soil samples collected in 6 points located at the rural zone of Patrocínio Paulista, where sugarcane has been cultivated and vinasse has been added in order to increase its production. Two samples were collected from each point: one between 0 and 20 cm depth and another between 20 and 60 cm depth. One sampling point (A6) corresponded to a site where there was no application of vinasse (the control). Approximately 5 kg of material was collected from the two depths in each sampling point with a manual sampler, described/classified (Table 1 ) and transferred to a thick polyethylene bag. Then, all bags containing the soil samples were transported to LABIDRO (Laboratory of Isotopes and Hydrochemistry) of Petrology Department from Geosciences and Exacts Sciences Institute that belongs to UNESP, situated at Rio Claro city, about 240 km distant from the investigated area.
The soils were dried at 60C, crushed, quartered, sieved for detailed grain size determination and divided into aliquots for different analyses. The dominant size class of the soil samples was medium sand, except A6 that corresponded to very coarse sand ( Table 2 ). The total organic matter content was evaluated by spectrophotometry [14] held in a solution obtained after adding potassium dichromate and sulfuric acid to 1 g powdered aliquot; organic carbon was oxidized to carbon dioxide with a parallel reduction of hexavalent chromium to trivalent chromium and an accompanying color change from orange to green read at 610 nm [14] . The organic carbon was estimated from those readings by the Walkley-Black method [15] .
The major oxides were determined in one 5 g aliquot by the X-ray fluorescence method. The chemical balance (in percentage) also supplied data on the loss on ignition (LOI), as the measurements involved weight loss of the The exchangeable (mobile) potassium, aluminum and iron were evaluated on utilizing a 50 g aliquot of each soil sample and 100 mL of 0.1 M HCl as extractant. The amount of metals extracted was estimated colorimetrically by Hach DR/2000 spectrophotometer [14] . The tetraphenylborate method was used for measuring potassium, read at 650 nm. The aluminon method that utilizes ascorbic acid provided the measurements for aluminum, read at 522 nm. The 1,10 phenanthroline indicator formed an orange color in proportion to the iron concentration, which was read at 510 nm. [17] .
The radioactivity due to 40 K in the soil samples was evaluated by gamma ray spectrometry.
40
K decays directly to 40 Ca in the ground state through β -emission (89.3%) and also to 40 Ar in a 1.46 MeV excited state followed by a prompt 1.46 MeV gamma emission through electron capture (10.7%) [18] . A 2"2" NaI(Tl) scintillation detector was utilized for gamma spectrometry. The spectrometric system utilizes a 2,048-channel multichannel analyzer provided by ORTEC ACE 2K hardware controlled by MAESTRO software. The energy calibration of the system was performed using the radioactive sources 137 Cs (γ-rays energy = 0.66 MeV) and 60 Co (γ-rays energy = 1.17 and 1.33 MeV) and pure powdered KCl (52 wt.% in K) as a source of 40 K (γ-rays energy = 1.46 MeV). The gamma spectrometer was also calibrated for yielding the 40 K activity concentration on using pure powdered KCl and different mixtures prepared from this matrix and additions of pure SiO 2 . Tables 3 and 4 report all data obtained in this study. 
The importance of weathering processes
The soils analyzed suggest that has occurred polycyclic slow mass flow (gravitational) in the region, with accumulation of detritic concretions (lateritic/pedorelict). Such detritic flow is possibly related to the erosion of latosolized/lateralized landscapes from Lower Tertiary to Intermediary Pleistocene, which have been reworked during their evolution, forming neosols, argisols and cambisols. They can't be considered latosols and exhibit signs of previous laterization processes despite the dominance of the tropical climatic conditions in more recent times have favored the occurrence of ferrolysis. In lateritic soils formed by intense weathering conditions, the Si concentration may be diminished, enhancing the Al-Fe content [19, 20] . In general, the evolution of laterization processes is related to the nature of the original rock matrix and involves all Al-silicates rock types. The chemical composition of the soils analyzed reflects at least some of these aspects, as indicated the inverse relationships among SiO 2 , Al 2 O 3 , Fe 2 O 3 , TiO 2 , MgO and P 2 O 5 (Fig. 2) .
Thus, Si-poorer sediments are more Al-Fe-Ti-Mg-P-enhanced, suggesting the occurrence of more prolonged/intense weathering processes, with the opposite also being probable. Al 2 O 3 is a constituent often used to identify gains and losses during chemical weathering [21, 22] . Such oxide is assumed to remain constant in soil profiles, despite its variability in concentration against depth [22] . SiO 2 /Al 2 O 3 ratios have been utilized by geochemists as weathering indices [23, 24] (Fig. 3 ). The direct relationship between LOI and organic C (Fig. 2) is related to the fact that LOI is a parameter linked to the organic matter (organic C) content of the soils. Beyond modifying the bulk density and porosity of soils, organic matter also influences their specific surface, since 1% of organic matter in porous matrices may cause an increase of the specific surface in about 7 m 2 [25] . Such increase may raise the cations exchange capacity, cations adsorption, and percentage of water retention in soils. Silica is inversely related to organic matter (and organic C) at the area studied (Fig. 2) , being expected that the decrease in SiO 2 concentration implies on an increase of the soils specific surface.
5 Some consequences of the vi006Easse application 40 K and K 2 O are directly related, as well the exchangeable potassium and K 2 O, as expected (Fig. 4) . The exposure rate, i.e. the radiation effects in the air above 1m of the area [26] , was estimated using the following dose-rate conversion factor (DRCF) to 40 K: 0.0414 nGy/h per Bq/kg. The highest 40 K activity concentration corresponded to 313 Bq/kg (Table 4) , yielding 13 nGyh -1 for the exposure rate, a value that represents 24% of the world average outdoor exposure due to terrestrial gamma radiation, i.e. 55 nGy/h [26] . Thus, the radioactive impact and the external radiation exposure for population due to 40 K in soils of the area studied must be minimal.
The significant relationships among K 2 O, organic C, P 2 O 5 , MgO and CaO (Fig. 4) suggest that some soil contamination may be occurring at the area studied, because vinasse has high/moderate levels of potassium, organic matter, calcium, magnesium , nitrogen and phosphorus in its chemical composition [5, 6] . Therefore, additional investigation should be realized in the near future with the aim of evaluating the quality of the underground hydrological resources, as some vinasse constituents may be present there. In fact, the presence of N-compounds as pollutants of groundwater resources has been identified at several monitoring wells in São Paulo State, because the nitrate and ammonium contents have greatly exceeded the limiting values, respectively, 10 mg/L and 0.5 mg/L [27] . Thus, the results here reported constitute a contribution to improve the knowledge on the consequences of the vinasse application in sugarcane fields from São Paulo State, Brazil, generating useful information for researchers/decision makers interested on its adequate management for avoiding hazards to the human health.
